Abstract. The protein expression of the growth suppressive p53 transcription factor and its inhibitor human double minute 2 (Hdm2) is altered in ductal breast carcinomas (DBC). However, the assessment of p53 and/or Hdm2 protein levels in DBC tissues was found to have a questionable prognostic significance. We evaluated the RNA expression of p53, hdm2, and the p53-targeted p21
Introduction
The p53 protein is a trancription factor inducing the expression of genes regulating cell growth or death (reviewed in ref. 1) .
Upon cellular stress p53 is activated to promote cell cycle arrest (providing time for stressed cells to recover) or cellular apoptosis (1) . By preventing the survival and proliferation of aberrant cells, p53 avoids tumor onset (1) . Moreover, by inducing TSP-1, a potent inhibitor of new blood vessel formation, p53 also counteracts the growth of established tumors (1) .
The importance that p53 has in anti-tumor surveillance is sustained by the finding that most human cancers display functionally inactive p53, due to p53 mutations or to the upregulation of Hdm2, a p53-induced protein which feedback terminates p53 trans-activating function (reviewed in ref. 2) .
Among the tumors in which p53 inactivation and Hdm2 deregulation are particularly evident is DBC, one of the most common and severe cancer affecting women (reviewed in ref. 3) .
It has been shown that concomitantly with DBC growth and invasion of the basement membrane, Hdm2 protein levels increase, while p53-induced proteins including the p21 waf-1 cell cycle inhibitor and TSP-1 are reduced (4) (5) (6) (7) (8) . The findings reported above suggested earlier that measuring the expression of p53 or its transcriptional targets could monitor human DBC progression, having a prognostic relevance. However, studies evaluating this possibility gave contrasting results (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . This could depend on the fact that DBC expression of p53 or its targeted molecules was assayed mostly at the protein level. In this regard, it has to be considered that in many types of tumors, breast cancer included, p53, Hdm2, p21 waf-1 , or TSP-1 undergo post-transcriptional and/or post-translational modification variably and unpredictably augmenting their levels (1, 2, (14) (15) (16) .
Noteworthy, as compared to the large body of information existing on p53 protein expression, little is known on p53 RNA levels in breast cancers (17) . In addition, with regard to primary human DBC, p53-trancribed genes were generally analysed one at a time in separate studies, independently of p53 RNA expression (18) (19) (20) .
The present study assayed the RNA expression of p53 and the p53-trancribed hdm2, p21
waf-1 , and tsp-1 by human primary DBC. The intensity of the RNA expression of the above-mentioned genes was then correlated to the patients' clinical status.
Materials and methods
Study group. Tissue samples from 31 patients with invasive, pure DBC were provided by the Sant' Eugenio Hospital of Rome. Informed consent was obtained from the patients. Tumors were divided into two groups: A) DBC having size (T) <1 cm, low histological grade (G1), and no lymph node invasion (N -); B) DBC presenting T >1 cm, high histological grade (G2-3), and lymph node invasion (N + ). All examined patients were metastasis-free (M0). Biopsies were dissected by a pathologist during local excision or mastectomy. Tissue areas presenting necrosis or non-matching to DBC diagnostic were excluded prior to RNA extraction. Specimens were kept frozen until they were processed for RNA extraction.
RNA extraction and reverse transcriptase-polymerase chain reaction (RT-PCR) analysis.
Frozen DBC tissue samples were homogenised in TRIzol (1 ml/g of tissue), and total RNA was extracted according to manufacturer's instructions (Invitrogen, Milan, Italy). Only RNA samples with an absorbance A260/280 ratio >1.8 and no visible degradation by 1% agarose gel electrophoresis and ethidium bromide staining were used for RT-PCR. Because of partial RNA degradation, seven samples (three from group A and four from group B tumors) were excluded from the study. One μg of total RNA from each of the remaining 24 DBC samples was reversetranscribed using 200 U of Superscript III, 10 mM DTT, 20 U of RNAse inhibitor, 2.5 μM of random hexamers, 1 mM of each dNTP (all from Invitrogen) in a final volume of 20 μl. Reactions were performed at 42˚C for 60 min. The cDNA product (2 μl) was amplified with 2.5 U of Taq DNA polymerase (Invitrogen) in a final volume of 50 μl containing 200 μM of each dNTP and 50 pmol of each primer derived from the p53, p21
waf-1 , tsp-1, or hdm-2 cDNA sequence. In order to avoid amplification of contaminant DNA, all of primers were designed overlapping between different exons. Primers for p53 were: forward, 5'-AAGTCTGTGACTTGC ACGTACTCC-3', reverse 5'-GTTGTTGGGCAGTGCTCG CTTAGT-3' (Gene Bank accession no. AF 307851, PCR product base pairs 576). Primers for p21
waf-1 were: forward, 5'-TAGTTCTACCTCAGGCAGCTCAAG-3', reverse 5'-AC AGTCCAGGCCAGTATGTTACAG-3' (Gene Bank accession no. U03106, PCR product base pairs 433). Primers for tsp-1 were: forward, 5'-GATGGAGAATGCTGAGT TGGACGT-3', reverse 5'-TCACATCGGTTGTTGAGGC TATCG-3' (Gene Bank accession no. NM_003246, PCR product base pairs 723). Primers for hdm2 were: forward, 5'-GTAGAATTTGAAGTTGAATCT-3', reverse 5'-CTAGG GGAAATAAGTTAGCAC-3' (Gene Bank accession no. NM_002392, PCR product base pairs 738). The RT reaction was normalised by amplifying samples for glyceraldehyde-3-phosphate dehydrogenase (gapdh) as housekeeping gene. Primers for gapdh were: forward 5'-TGTTCGTCATGGGT GTGAAACATG-3', reverse 5'-CTGCTTCACCACCTTCT TGATGTC-3' (Gene Bank accession no. M33197, PCR product base pairs 404). All primers were purchased from Invitrogen. Amplification consisted of 30 sec at 94˚C, 30 sec at 65˚C and 30 sec at 72˚C for 35 cycles, preceded by a first step of 2 min at 94˚C and followed by a final extension at 72˚C for 7 min. The identity of the amplicons was confirmed by sequencing. The PCR products were electrophoresed through a 1.8% agarose gel and stained with ethidium bromide. Bands were photographed using Polaroid film and ultraviolet trans-illuminator. The intensity of p53-, p21
waf-1 -, tsp-1-, hdm2-, or gapdh-related bands was quantified by employing the Molecular Imager VersaDoc MP 4000 (BioRad, Hercules, CA), and analysed with the Quantity One software (Bio-Rad).
Statistical analysis. All data analysis was performed using the Statistical Package for the Social Sciences Windows, version 13.0 (SPSS, Chicago, IL, USA). It was estimated that 12 patients for groups were sufficient to achieve an 89% power (· level of 0.05) in detecting a variation of mean p53 (considered as the 'golden parameter') over the 95% of confidance interval (Software: PASS per power analysis, NCSS Statistical Software, Kaysville, UT-www.ncss.com).
Descriptive statistics consisted of the mean ± standard deviation for gaussian distributions (after confirmation with Kolmogorov-Smirnov test) and homogeneity of variances (after Levene's test). The ANOVA (one-way) test was performed for comparison between groups. Correlation of variables was performed with the r of Pearson coefficient. A p-value of <0.05 was considered statistically significant.
Results
The p53, hdm2, p21
waf-1 and tsp-1 RNA levels were analysed by RT-PCR in tissues from 24 primary, invasive DBC, and then normalised to the gapdh housekeeping gene. Results indicated that all DBC expressed detectable levels of p53 as well as its targeted genes (Table I) .
The intensity of p53, hdm2, p21 waf-1 or tsp-1 RNA expression measured in the 12 group B (T >1 cm, G2-3, N + ) Table I . The p53 gene and its targeted genes hdm2, p21
waf-1 or tsp-1 are expressed in human primary DBC tissues. ------------------------------------------------ 
93) -------------------------------------------------
Total RNA was extracted from small-sized, low grade, node-negative (group A) or large-sized, high grade, node-positive (group B) primary invasive DBC. The RNA expression of p53, hdm2, p21
waf-1 or tsp-1 was assayed by RT-PCR. The gadph housekeeping gene was employed to normalize the values. Shown are the average results and the range (minimal and maximal values) of the intensity of p53, hdm2, p21
waf-1 or tsp-1 RNA expression. Values refer to the densitometric units after normalization to gapdh RNA expression.
-------------------------------------------------
tumor biopsies was compared to the relative RNA expression by the 12 group A (T <1 cm, G1, N -) tumor samples. As shown in Table I , the mean of p53 and hdm2 RNA expression levels detected in large-sized, high grade, nodepositive (group B) samples was higher (+52% for p53, and +45% for hdm2) than that measured in small-sized, low grade, node-negative (group A) DBC.
The opposite trend was verified for p21 waf-1 and tsp-1 RNA levels. Specifically, as compared to group A cancers, the mean of p21
waf-1 and tsp-1 RNA levels decreased by -19 and -22%, respectively, in group B tumors (Table I) .
Association of p53, hdm2, p21 waf-1 , and tsp-1 RNA expression levels with patients' clinicopathological data was statistically verified by ANOVA (one-way) test. Statistically significant associations were not observed between the clinical data analysed and the relative expression of p53 (p=0.281), hdm2 (p=0.250), p21
waf-1 (p=0.571), or tsp-1 (p=0.502).
The r of Pearson coefficient was then calculated in order to determine, within DBC belonging to the same group, the correlation between p53 gene expression and that of the examined p53-targeted genes.
Results demonstrated a positive and significant correlation between the relative expression levels of p53 and hdm2. This was more evident in group A (r=0.92) than in group B (r=0.70) tumors (Fig. 1, left panel) .
Also p53 and tsp-1 RNA expression were significantly correlated in the groups. Once again, this was more appreciable in group A (r=0.86) than in group B (r=0.73) tumors (Fig. 1, central panel) .
At variance with hdm2 or tsp-1, however, p53 RNA expression was not correlated with that of p21 waf-1 in DBC in either group A (r=0.06) or B (r=0.17).
Finally, in group A tumors the RNA expression of hdm2 was significantly correlated with that of tsp-1 (r=0.84), while in group B this correlation was strongly reduced (r=0.47) (Fig. 1, right panel) .
Discussion
Here, we evaluated p53, hdm2, p21
waf-1 , and tsp-1 gene expression by primary invasive DBC. Statistical analysis estimated that 12 patients with small-sized, low grade, nodenegative tumors, and the same number of individuals displaying large-sized, high grade, node-positive cancers, were representative of the general population of DBC patients.
Results from RT-PCR analysis indicate that the mean of p53 RNA expression levels is higher in large-sized, scarcely differentiated, node-positive DBC than in less aggressive tumors. This confirms results from immunohistochemical studies (7, 10, 12) , and it suggests a molecular mechanism for the high p53 protein levels present in human DBC, in addition to the frequently occurring impairment of p53 degradation. A possible role for the up-regulation of p53 RNA expression in tumorigenesis is sustained by the finding that high p53 RNA levels are detected in various types of human cancers (21, 22) .
As for p53, the mean intensity of hdm2 gene expression shows a trend to be associated with tumor aggressiveness. Again, this results is in agreement with the fact that increasing Hdm2 protein levels significantly associate with augmented DBC size and tumor cell proliferation (7), consistent with Hdm2 capability of abrogating p53 growth suppressive properties (2) . In this regard, it has to be highlighted that up-regulation of hdm2 gene expression occurs in many, different human tumors, leading to the synthesis of Hdm2 protein at amounts that are sufficient to inactivate p53 (2) .
Differently from p53 and hdm2, the mean of p21 waf-1 RNA expression levels is high in small-sized, low grade, node- negative (group A) DBC, as compared to group B tumors. This result confirms the fact that in invasive DBC, p21
waf-1 protein expression directly relates to low histological grade, and inversely associates with tumor growth (4, 8, 10, 11) . Moreover, in DBC belonging to the A group also the mean of tsp-1 RNA levels is high. This is in accordance with the finding that breast carcinoma cells express TSP-1 protein in a manner inversely related to tumor size (5) .
However, when we associated the values of RNA expression intensity measured in DBC tissues to the patients' clinicopathological data no statistically significant relationship was found for any of the examined genes.
In this context, it has to be considered that p53, Hdm2, p21
waf-1 or TSP-1 protein levels were found to associate with the size or grade of invasive breast carcinomas, despite correlating with prognosis (5, 8, 9, 11, 12) .
Still, the fact that the p53-targeted hdm2, p21 waf-1 or tsp-1 genes are expressed by all the examined tissues suggests that in those DBC the p53 protein is transcriptionally active and operating.
When the relationship between the RNA levels of p53 and its transcriptional targets within the two DBC groups was evaluated, the expression of p53 and that of the p53-targeted hdm2 and tsp-1 genes appeared to be more correlated in small-size, low grade, node-negative tumors than in aggressive/advanced DBC. This suggests that DBC clinical worsening parallels p53 functional impairment, in spite of concurrent p53 RNA over-expression.
The fact that hdm2 RNA levels significantly relate to those of the p53-transcribed tsp-1 gene in group A but not B tumors, supports the hypothesis that the increase in hdm2 RNA levels observed in group B is such to impair p53 activity.
Differently from the other p53-targeted genes, correlation between the RNA expression levels of p53 and p21 waf-1 is not significant. In this regard, it has to be considered that breast carcinoma cells, as well as other cancer cell types, can express p21
waf-1 independently of p53 (23) (24) (25) (26) . In conclusion, the results we obtained at the RNA level are consistent with previous studies performed at the protein level, which indicated that p53 or its transcriptional targets should not be considered as molecular markers capable of predicting the behaviour of invasive DBC.
Definitely, however, our study requires confirmation in a larger series of patients. In addition, given that here we analyzed only invasive DBC, future studies should evaluate the RNA expression of p53 and its targeted genes in DBC in situ, and in hyperplastic breast lesions, as suggested by a recent study on pre-malignant skin lesions (27) .
